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Abstract of JP1 1 031 842 

PROBLEM TO BE SOLVED: To provide a 
semiconductor luininous element of high luminous 
efficiency even with a semiconductor luminous 
element, where a gallium nitride group compound 
semiconductor is laminated ton an insulating substrate, 
improving ohmic contact characteristic between an n- 
type layer and an n-side electrode, for decreasing a 
forward voltage. SOLUTION: This element comprises a 
substrate 1 , a semiconductor lamination part 10 here a 
gallium nitride group compound semiconductor layer 
containing an n-type layer 3 and an n-type layer 5 in so 
laminated as to form a luminous layer on the substrate 
1 , and an n-side electrode 9 and a p-side electrode 8 
provided while being electrically connected to the n- 
type layer and the p-type layer, respectively, of the 
semiconductor lamination part 10. Here, the n-type 
layer 3 has at least an n-type first layer 3a and an 
n<+> -type second layer 3b, so that a carrier 
concentration at a part where the n-side electrode 9 is 
provided is higher than that at a part waking contact 
with the luminous layer. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1] A substrate and the semi-conductor laminating section to which the laminating of the CHITSU-ized gallium 
system compound semiconductor layer which contains n form layer and p form layer that a luminous layer should be 
formed on this substrate is carried out, It has n lateral electrode and p lateral electrode which connect with n form layer 
and p form layer of this semi-conductor laminating section electrically, respectively, and are prepared. Said n form layer 
The semi-conductor light emitting device which is formed and becomes so that the carrier concentration of the part in 
which said n lateral electrode is prepared may become larger than the carrier concentration of the part which touches said 
luminous layer. 

[Claim 2] The semi-conductor light emitting device according to claim 1 which it comes to prepare in n form layer of the 
field where said carrier concentration which said n lateral electrode exposes by etching said a part of semi-conductor 
layer by which the laminating was carried out exceeding said luminous layer is large. 

[Claim 3] The semi-conductor light emitting device according to claim 1 in which it is prepared and which said n lateral 
electrode becomes so that it may connect with n form layer of the field where said carrier concentration exposed by 
removing said some of substrates [ at least ] with which said semi-conductor laminating section is formed is large. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semi-conductor light emitting device by which the laminating of the 
CHITSU-ized gallium system compound semiconductor layer is carried out on a substrate. It is related with the semi- 
conductor light emitting device which makes good ohmic contact of n lateral electrode and n form layer, and may lower 
forward voltage in more detail. 
[0002] 

[Description of the Prior Art] For example, as the schematic diagram of an example of the light emitting device chip 
(henceforth an LED chip) is shown in drawing 4 , the semi-conductor light emitting device of a blue system On the 
insulating substrate 21 which consists of sapphire, for example, the n form layer 23 to which epitaxial growth of the GaN of 
n form was carried out (cladding layer). The barrier layer 24 which bandgap energy becomes from the ingredient which 
becomes smaller than that of a cladding layer, for example, an InGaN system (ratio of In and Ga is the same the following 
which means that it may change variously) compound semiconductor. The laminating of the p form layer (cladding layer) 25 
which consists of GaN of p form is carried out. And the p lateral electrode 28 is formed so that it may connect with the p 
form layer 25 electrically through the diffusion metal layer which is not illustrated on the front face. And the LED chip is 
formed by forming the n lateral electrode 29 so that it may connect with the n form layer 23 which a part of semi- 
conductor layer by which the laminating was carried out is etched, and is exposed electrically. 

[0003] By the carrier to a barrier layer 24 shutting up. the n form layer 23 and the p form layer 25 in which this kind of 
semi-conductor light emitting device pinches a barrier layer 24 are set up so that points, such as effectiveness, to that 
carrier concentration may become the optimal, for example, as for the carrier concentration of the n form layer 23. the n 
form layer 23 is formed by carrier concentration with 1018cm-3 fixed order. 
[0004] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the semi-conductor light emitting device using the 
conventional CHITSU-ized gallium system compound semiconductor, the carrier concentration of the n form layer is set 
as the optimal carrier concentration for a luminescence property, and is formed upwards from under n form layer at 
uniform carrier concentration. And n lateral electrode is prepared so that it may connect with a part of n form layer 
exposed by etching. However, the carrier concentration of n form layer in which n lateral electrode is prepared is so 
desirable that it is large in order to obtain ohmic contact with an electrode, and about [ 1x1 01 9cm - / 3 or more ] are 
desirable. Therefore, if an electrode is formed in the semi-conductor layer of the carrier concentration restricted from the 
luminescence property as mentioned above, sufficient ohmic contact cannot be obtained but it has become the cause of a 
rise of forward voltage. 

[0005] In the semi-conductor light emitting device which consists for example, of the conventional AIGalnP system 
compound semiconductor etc. Since the semi-conductor laminating section is prepared that a luminous layer should be 
formed on a semi-conductor substrate. Since n form layer is connected with a semi-conductor substrate with large carrier 
concentration and an electrode is prepared in a semi-conductor substrate. Even if n in all type layer is formed in the 
optimal carrier concentration for a luminescence property, there is no problem, but since the laminating of the CHITSU- 
ized gallium system compound semiconductor is carried out on silicon on sapphire, a direct electrode is prepared in the n 
form layer, and it has the problem that ohmic contact is not fully acquired as mentioned above. And in order to make 
ohmic contact good while being hard to obtain good ohmic contact an electrode material is also limited and there is also a 
problem that there is little the selection room. 

[0006] Also in the semi-conductor light emitting device by which it was made in order that this invention might solve such 
a problem, and the laminating of the CHITSU-ized gallium system compound semiconductor is carried out on an insulating 
substrate While raising the ohmic contact property of n form layer and n lateral electrode, reducing forward voltage and 
raising luminous efficiency, maintaining the optimal carrier concentration for a luminescence property in the part which 
touches a luminous layer It aims at offering the semi-conductor light emitting device to which the selection room of an 
electrode material is expandable. 
[0007] 

[Means for Solving the Problem] The semi-conductor laminating section to which the laminating of the CHITSU-ized 
gallium system compound semiconductor layer which contains n form layer and p form layer that the semi-conductor light 
emitting device by this invention should form a luminous layer on a substrate and this substrate is carried out. It has n 
lateral electrode and p lateral electrode which connect with n form layer and p form layer of this semi-conductor 
laminating section electrically, respectively, and are prepared, and said n form layer is formed so that the carrier 
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concentration of the part in which said n lateral electrode is prepared may become larger than the carrier concentration of 
the part which touches said luminous layer. By making it this structure, the ohmic contact of n form layer and n lateral 
electrode can be taken good, without affecting a luminescence property, and forward voltage can be lowered. 
[0008] A CHITSU-ized gallium system compound semiconductor is III here. The compound of Ga of a group element, and N 
of V group element, or III III of others [ Ga / a part of / of a group element ], such as aluminum and In, The semi- 
conductor which consists of a compound which a part of N of the thing permuted by the group element and/or V group 
element permuted by other V group elements, such as P and As, is said Moreover, if a luminous layer is in terrorism 
junction structure to the double which pinches a barrier layer in n form layer and p form layer, it means the light-emitting 
part near the pn junction for a barrier layer with pn junction structure. 

[0009] Said n lateral electrode prepares and is sufficient for n form layer of the field where said carrier concentration 
exposed by etching said a part of semi-conductor layer by which the laminating was carried out exceeding said luminous 
layer is large, and is prepared in n form layer of the field where said carrier concentration exposed by removing said some 
of substrates [ at least ] with which said semi-conductor laminating section is formed is large. When this substrate is 
removed, and a buffer layer with small carrier concentration exists on a substrate, that buffer layer is also removed by 
etching. 
[0010] 

[Embodiment of the Invention] Next the semi-conductor light emitting device of this invention is explained, referring to a 
drawing. 

[001 1] The p lateral electrode 8 is electrically connected through the diffusion metal layer to which the semi-conductor 
light emitting device of this invention is formed, and the semi-conductor laminating section 10 which forms a luminous 
layer in the front face of the insulating substrate 1 which consists of sapphire (aluminum2 03 single crystal) etc. as shown 
in drawin gJL does not illustrate it in the p form layer 5 by the side of the front face. Moreover, the n lateral electrode 9 is 
formed so that it may connect with the n form layer 3 which a part of semi-conductor laminating section 10 is removed, 
and is exposed electrically, n form 1st layer 3a to which the n form layer 3 touches a barrier layer 4 by the carrier 
concentration suitable for a luminescence property by this invention as shown, for example in drawing 1 , n+ with large 
carrier concentration suitable for ohmic contact Type 2nd layer 3b, n+ with larger carrier concentration than the carrier 
concentration of n form 1st layer 3a which touches a barrier layer 4 (luminous layer) by carrier concentration consisting of 
n form 3rd layer 3c of arbitration The description is to form the n lateral electrode 9 in type 2nd layer 3b. 
[0012] In order to form such an n form layer 3, in case the n form layer 3 is grown epitaxially, it is obtained by acjjusting 
the amount of the dopant to introduce. (Namely, the dopant gas 4, for example, SiH, introduced with the reactant gas for 
making it a desired semi-conductor layer when carrying out the laminating of the semi-conductor layer by the MOCVD 
method If a flow rate is made [ many ], carrier concentration can be enlarged, and it is SiH4. Carrier concentration can be 
made small by lessening a flow rate.) On a buffer layer 2, therefore, after about 1-2 micrometers grows epitaxially, n form 
3rd layer 3c, so that carrier concentration may become about [ 1x1017cm - ] three [ for example. ] Dopant gas SiH4 n+ 
whose carrier concentration a flow rate is made [ many ]. growth is continued further, and is about [ 1x1019 to 5x101 9cm 

- ] three About 2-3 micrometers grows type 2nd layer 3b. Furthermore, it is dopant gas SiH4. A flow rate is reduced and 
growth is continued, and it is obtained when about 1-2 micrometers grows n form 1st layer 3a whose carrier concentration 
is about [ 1x1018 to 3x101 8cm - ] three. 

[0013] In addition, there should just be about at least 0.5 micrometers of thickness of n form 1st layer 3a that what is 
necessary is to just be prepared in extent which acts by a carrier shutting up. Moreover. n+ Since type 2nd layer 3b needs 
to prepare an electrode so that ohmic contact may be obtained on the front face exposed by etching, it is desirable that 
about 2 micrometers or more are prepared. The carrier concentration of n form 3rd layer 3c may be large, or may be small, 
and the dopant does not need to be doped, therefore, this n form — the 3rd layer — there is nothing — the n form 1 st — 
even if it consists of a layer 3a and n+ type 2nd layer 3b — n form 1st layer 3a — a barrier layer 4 — touching — **** - 

- n+ What is necessary is just to have the structure where the n lateral electrode 9 is formed in type 2nd layer 3b. 
[0014] The low-temperature buffer layer 2 which consists of GaN the semi-conductor laminating section 10 About 0.01- 
0.2 micrometers, GaN and/or AlGaN system (it means that the ratio of aluminum and Ga may change variously) of n form 
used as a cladding layer It consists of the same compound semiconductor below, and they are n form 1st layer 3a and n+ 
at least. The n form layer 3 of the above-mentioned structure of having type 2nd layer 3b, the ingredient with which 
bandgap energy becomes smaller than that of a cladding layer. The barrier layer 4 which consists of an InGaN system 
compound semiconductor For example, about 0.05-0.3 micrometers. And it is constituted by carrying out the laminating of 
the p form layer (cladding layer) 5 which consists of the AlGaN system compound semiconductor layer and/or GaN layer 
of p form one by one on about 0.2-1 micrometer and a substrate 1, respectively. In addition, since a carrier shuts up an 
AlGaN system compound semiconductor and it raises effectiveness, it may be prepared in the barrier layer 4 side of the 
cladding layer of n form and p form. Therefore, it is n form 1st layer 3a in an AlGaN system compound semiconductor layer 
n+ The type 2nd layer can also be formed in a GaN layer. 

[0015] So that it may connect electrically through the diffusion metal layer which is not illustrated in the p form layer 5 of 
the semi-conductor laminating section 10 For example, n+ which the p lateral electrode 8 which consists of a laminated 
structure of Ti and Au is formed, and a part of semi-conductor laminating section 10 is removed by etching, and is 
exposed To type 2nd layer 3b For example, the n lateral electrode 9 which consists of an alloy layer of Ti and aluminum is 
formed, it is chip-ized from a wafer, and the LED chip of this invention is formed. 

[0016] In order to manufacture this semi-conductor light emitting device, by for example, the organic metal chemical- 
vapor-deposition method (MOCVD law) H2 of carrier gas SiH4 as reactant gas. such as a TORIME dust gallium (TMG) and 
ammonia (henceforth NH3). and dopant gas of n form It supplies, etc. — On the insulating substrate 1 which consists of 
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sapphire, for example, first, at for example, about 400-600-degree C low temperature They are about 0.01-0.2 
micrometers and dopant gas SiH4 about the low-temperature buffer layer 2 which consists of a GaN layer. Make a flow 
rate into about 0-1x10-4vol% to the whole capacity, and about 2 micrometers grows n form 3rd layer 3c whose carrier 
concentration is about [ 1x1 01 7cm - ] three in the same presentation. Subsequently, SiH4 n+ whose carrier concentration 
a flow rate is made into about 1x10-2vol%, and is about [ 1x101 9cm - ] three Type 2nd layer 3b About 3 micrometers. 
Furthermore, it is SiH4. A flow rate is made into about 1x10-3vol%, and about 2 micrometers grows n form 1st layer 3a 
whose carrier concentration is about [ 1x1018cm - ] three, respectively. Furthermore, trimethylindium (TMIn) is added as 
reactant gas, and about 0.05-0.3 micrometers of barrier layers 4 which consist of an InGaN system compound 
semiconductor are formed. 

[0017] Subsequently, TMIn of reactant gas is changed into trimethy {aluminum (TMA), and it is dimethyl zinc (DMZn is 
introduced, the AIGaN system compound semiconductor layer of p form where carrier concentration is about [ 1x1017 to 
1x1018cm - ] three, and TMA are stopped, the laminating of every about 0.1-0.5 micrometers of the GaN layers of p form 
is carried out respectively, and the p form layer 5 is formed.) as dopant gas. 

[0018] Then, about 2-100nm of diffus ion metal layers is formed by vapor— depositing and carrying out the sinter of nickel 
and the Au. for example. Subsequently, n+ in order to form the n lateral electrode 9 It etches by reactive ion etching 
according to chlorine gas etc. in a part of semi-conductor laminating section 10 by which the laminating was carried out so 
that type 2nd layer 3b may be exposed. And a metal membrane is prepared with vacuum deposition etc., and the p lateral 
electrode 8 and the n lateral electrode 9 are formed and chip-ized by carrying out a sinter. Consequently, the semi- 
conductor light emitting device shown in drawing 1 is obtained. 

[0019] according to the semi-conductor light emitting device of this invention — n form of the earner concentration for 
eye the carrier confinement with optimal n form layer by the side of a luminous layer (the example of drawing 1 barrier 
layer 4) — n+ with carrier concentration large [ being formed by the 1 st layer / the part in which n lateral electrode is 
prepared ] type — since it is formed of the 2nd layer, an electrode can be prepared by good ohmic contact, having the 
outstanding luminescence property. In addition, since p lateral electrode is prepared through a diffusion metal layer, the 
carrier concentration of p form layer for ohmic contact seldom becomes a problem. Consequently, contact resistance falls 
and it is forward voltage Vf Supply voltage can be made low. while a low semi-conductor light emitting device is obtained 
and luminous efficiency improves. 

[0020] In the above-mentioned example, although the alloy layer of Ti and aluminum was used as an n lateral electrode 9. 
the carrier concentration of the part of the n form layer 3 in which the n lateral electrode 9 is formed is large, and since 
an ohmic contact property improves, other Ti-Au, nickel-Au, Ti-Pt. Au. Pt. etc. can also be used. 

[0021] Drawing 2 is drawing showing the cross-section configuration of the chip of a semi-conductor light emitting device 
which shows the modification of drawing 1 , That is, etching removal of a part of semi-conductor laminating section 10 is 
carried out for the n lateral electrode 9, the n form layer 3 is not exposed, etching removes some substrates 1, and this 
example is n+. Type 2nd layer 3b is exposed, and the n lateral electrode 9 is formed in the substrate 1 side, in this case, n 
form — although the 3rd layer has desirable how to twist — n form with small carrier concentration — the case where 
the 3rd layer is prepared — the time of etching of a substrate 1 — n form — up to the 3rd layer — etching — carrying 
out — n+ What is necessary is just to prepare contact hole la so that type 2nd layer 3b may be exposed. In addition, the 
same sign is given to the same part as drawing 1 , and the explanation is omitted. 

[0022] The silicon on sapphire at the time of carrying out the laminating of the semi-conductor layer, while drawing 3 is 
drawing showing the modification of further others, the metal plate 1 1 which is from aluminum etc. on the p lateral 
electrode 8 side is formed and this example is used as a new substrate is n+ which it was removed by polish etc. and 
exposed by that removal. The n lateral electrode 9 is formed in type 2nd layer 3b. Carrier concentration is [ n form 1st 
layer 3a by which the n form layer 3 was formed by the barrier layer 4 side also in the semi-conductor light emitting 
device of such structure according to the luminescence property, and ] n+ with large carrier concentration to the side in 
which the n lateral electrode 9 is formed. By preparing type 2nd layer 3b. the same effectiveness as the above-mentioned 
is acquired. In addition, the same sign is given to the same part as drawing 1 , and the explanation is omitted. 
[0023] Although it is the double heteroju notion structure which the barrier layer 4 was pinched in the n form layer 3 and 
the p form layer 5, and made the barrier layer 4 the luminous layer in each above example, n form layer and p form layer 
are the same also at the semi-conductor light emitting device of the pn junction structure joined directly, in this case, n 
form of carrier concentration which the luminous layer was formed in the pn junction section, and was set by the 
luminescence property at the pn junction part side — the part in which it is formed in by the 1st layer and an electrode is 
formed — n+ type — n form layer is formed so that it may become the 2nd layer. Moreover, the ingredient of the semi- 
conductor layer by which a laminating is carried out in each above-mentioned example is also an example, and is not 
limited to the ingredient. 
[0024] 

[Effect of the Invention] According to this invention, the ohmic contact property of an electrode and a semi-conductor 
layer improves maintaining a luminescence property, and the semi-conductor light emitting device operating voltage 
excelled [ light emitting device ] in luminous efficiency low is obtained. Furthermore, since good ohmic contact is easy to 
be obtained, a limit of the electrode metallic material by the side of n is eased, and it is effective in the selection range of 
an electrode metal spreading. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross-section explanatory view of the LED chip of 1 operation gestalt of the semi-conductor light 
emitting device of this invention. 

[Drawing 21 It is the cross-section explanatory view of the LED chip in which the modification of the semi-conductor light 
emitting device of drawing 1 is shown. 

[Drawing 3] It is the cross-section explanatory view of the LED chip in which other modifications of the semi-conductor 
light emitting device of drawing 1 are shown. 

[Drawing 4] It is the strabism explanatory view of an example of the LED chip of the conventional semi-conductor light 
emitting device. 
[Description of Notations] 
1 Substrate 

3 N Form Layer 

3a n form — the 1st layer 
3b n+ The type 2nd layer 

4 Barrier Layer 

5 P Form Layer 

8 P Lateral Electrode 

9 N Lateral Electrode 

10 Semi-conductor Laminating Section 



[Translation done.] 



http:// www4.ipdl.inpit.gojp/ cgi-bin/tran_web_cgi_eije 



2007/05/17 



(19) H;!tc«i|#lfjt (JP) 



(12) ^ ^ 1^ ^ ^ (A) (ll)i»fPaiH4iM#^ 

#ili^n -31842 

m^jkma ^i«ii¥(i999)2^2b 



(BDlntCl.* 

H 0 1 L 33/00 



9A/2S 



3 0 1 



F I 

H 0 1 L 33/00 
21/28 



C 

3 0 1 B 



m^m<OWi3 OL (^ 5 M) 



(2i)tae#^ 


4^1^9-184851 


(71) aS8A 


000116074 












5p^£9ipa997)7^10a 




:K«iJfl¥SSRTfrfeec!XifK£jS«»r2i«Mi 






























(74) A 





<54) [^WO^ift;] iNWI^SytSi^ 



(57) mm 



Timtimt?.m:mi.zm^^^^(D^-r v Tm^x^± 

2^13 bi:$r^rLT*'^l><, 




1 
3 

3 a 
3 b 
4 



nJ^J 



5 p mm 
9 n m'Mm 

1 0 



» 




mm^ 11-31842 



[ if 2 ] Hu IS n msmm $ titz^mi^ 
m<7)-mmim^ imix:cyi-yif^ti:hztiz 

tmt^ X 0 izm-fi^tix^j:m^ i imco^t^^ 

[00 0 1] 

^m^izm-th , 

[00 02] 

^j:i>Um. tlttifl nGaN^ ( I n i: G a cOJt^*^' 

m^^h K)'i%i>^t irM^-t^ . iiiTm t ) it-^m^ 

^mi,zm^L^\^m^i!^ji'm^t'z:-fi-Lxpmm2 5 
izmMmzmm-^j:di,zpmmM2 8mkif^tix^'* 

ixxn\^-t^ nmm 2 3 tmrn'^sizmm-th i a t= nw 

miB2 93&i|§tt^tLl>^:i;lCj;0. L E D ^ -y r J^bS; 

[0003] ^oac7)iii^#:^5|^{i, vSliS 2 4 ^ 
i^i-tnjBm23iiXl^pmm25l,±. ig14«24^ 

mi}-mmt,zy^ixoizB.^^iixi5^. tzt^i:£iimm 

2 3cr>^^VTWkm±l 018 cm- 3 ;t- ^0—^0^ + 
U rm&X' n 2 3 7&i?g{£ $ ixT V ^ s . 
[0 0 04] 



^^^jTmm.^zm^^ixx\-^h. ^tTx-yf-yj^t^j; 
0 ^ai-r -1. n mm(r>-mzmmt hXo\.zn mmmfim. 

r&] HE co±#o— Hi;: =5: -? t v» a . 

[0005] ts^^OTt h A 1 G a I n P ^-fL-^^^Hiji 

fix^ww^\<zw&ijm.»hixhtzi^. mtm^f^zwc 
r-{Tm^±.\.zmm^tihfz>^. ^<r>nmm^zw^mm 

^ ms-iz-t htz^ . mmfAi^m'^^ixx . 

[0006] *I^Hfl{i. CtJOJ: 0 ^^a^)l|-^-r^7ti>6 
$ fL^^v: i> coT' . ^igM±t; ^ -y ^tA' U A^-fk-^ 

itL^*i^>. nmmtnmmMt<^:^-5.-yi^ayiS^:^ 
[0007] 

mm -^fih^imm^ t . m^mimm3(r) n mmti 
ix/pmm<,z^ti^timn,mzi^m.Lxmf(=ti^ nm 

}5XV^pmnMti:^L. mBnmmii. lulSnffi!) 
TV->^, Zcommz-^hZtizXK). ^f^mz^mi: 

Ri^-tZtKc<nmmbnmmt(r>7t-Si-y^ay^ 
9 V -kmi^zh hZh ti^X'^ . Jil:^l*lttE2rT(f -I. h 
ifiX'% ^ . 

[0008] ZZ\,Z^ -y^tiJ^) Mslkit-^^^Wt 
{4. Ill mym(OGahvm7m<ontcr>i\L^'!k±fz\,± 
III WxMcr>GsLCr>—UifiA 1 . I n ^ i; OfBlOI II ^ 



(3) 



11-31842 



[0009] HfflSnWmSBti. B>nsaii$^X7t:^#:« 

^^'VTm&cr,iz^\^mM<r)nmmizWiifi^ti^. z<r> 

mmi)^m^ ^tih^. m^±i,z^ u Tiftg*vjN $ v ^ 

[00 10] 

[0011] *^BJc7)i}i^#c^^^{4 ^ tzbtam 1 
tS^$ixl.J;ot. 1?-7T-f r (A 1 2 O3 m^H^a) =5r 

i:>4>^:i>^H±os«R 1 <r)mmiz^m^m&-t^^ 

ic. m^^L^£\^^WL:<^)vmi-irLxvmmMsifimm. 

mi:^tixmtii-ti> nmm s izmmmzmm^tLh x o 
iznmmm9tfm^^tix^^^ . ^^^mx-it. tzbm 

^-r U TiiJgT'vS1tJi4 l,zm^^ nW^ 1 « 3 a h . ^ 

ims acD^-r u rmmj: 'o^^v T-i&mti^iz^ v-> n* 

2 a 3 b n ffillB® 9 *i^(t ixT V ^ S i: !^ 

[0 0 12] Z<DJ:6^j:nmS3^miS.-t^l,Zli. nm 
B3^xb-:J'=3fv-^/U^:R-rS^tC. ^A-T-S ^'->'^°y 

i.{fMOCVD&(:J:0^*il2:«Ji-ri.%^. WM 

TilM^^#<-ri>^i:3&^-C#, SiH, <55gii»S:i}'^^r 

^cmtz^^ ^^'•y7TJi2±^27ti:i.(^^^UTil,g 
*n X 1 Oi7cm-3^tc^|,J;at::n?gm3a3 cSr 

l~2/zm^xe^:irv-v ;l^Bg;:S L f^ic . Y-ny 

A-'JTigJgj&n X 1 oi9~5x 1 Oi9cm-3^<7)n* 
?^2a3b2:2~3A«m^m*L, 
hj&'XSiHt cOSffl:*^^. LTfiS.:RS:^it. ^-vUT 
ilJK*U X 1 018 — 3X1 Oi« cm-3MJScOnJg|gl« 

3a?r l'-2xtm^fi!<;:g-ti.c:i:fcJ: 



[0013] ^fe, n?^lJi3 aOJf$(4, ^-rUT 

2Mmmmi^xtmfi^ti^:ibtpnti^^. nm^3m 

3c(7)^-^VTmm.i±±^<Xi>A^^<Xi>X<. K- 

(^nmm3mii^j:<xnmmim3a.b. n*m^2m 

3hb-b^i^cr>^^X'yX^^Xi>. n 1 if 3 a A^vittS 

AizmLxti'o. m^2m3hi,znmmm9:f}-mf 
(^ti^m^i>z^-oxtitniJ:\\ 

[00 14] ^#:«SgBl 0{4. tzbmGaNi}^^^ 
^-SffiiS-^N'-y 7ril2 3{?^'0. 0 1 — 0. 2Atm^. 
•y KJifc55:^nB<7)GaN±5j;t//t;tti:A 1 GaN^ 

( A 1 i: G a coitmtm^^h 'onhzb ^si*-r -s. . 

Ji3aJo<tl>'n* ?g|g2Ji3bSrqr-r'&Bya;^O^iiiiOn 

i 0 <^j:httm. fzbtlf I nG a. N^-fb-^W 
®i4c*-^=5r-i)Vgtta4*^'0. 0 5 — 0. fcj: 

iXpjgoA 1 G aNmit-^m^i^maxx/xtfzitG 

aNlTb^i^^^pJ^a (^7-yh'a) 5*^0.2—1// 

mm 1 Jitc-eixWiiiiC^a^ixl. ^ 1 1= J: o 

m^^tlX^^^, ^fe. A 1 GaN|^^-^ft#®^!|s{4, 

jgco^'^ -y Kaco^stta4^il^cfs^t^>i^SJi-^*^^)S, 

L/iJ&^oT . n?^|| ia3aSrAlGa N^>fL-^4?5W 
f*:aT\ n* ?^m2a?:GaNaT?g^-r-g.^fci>T-# 
■5.. 

[00 15] ^mtmrn^i o<Dpms5i,zm^L^\^^ 
m!L^i^j\^miirtxmMmizt$^m^fi^j:oiz. tzb 

ix. #S#:WaSB 1 0 cr>~^t,<x. -y^yyiiZ i 0 
ilTEtU-r-S ?^2a3btC. 7tfc;i«fT i hA 1 

0-^^a*^'^>=5ri.nffl|fifii9*^m(t^il, ^j^^^i}^^^ 
•y r'ft^tLT^ts^BJiT) L E D ^ >y r*^'J^^$ tlX^^i,. 

[0016] ;l<D^^i^^ml'i:^rr^^z^t. tzb 
ui-wmim^t^mMWL-m^ ( m o c v d & > t i o . 

^•v'Jr;*rxc7)H2 (TM 
G) , ry^rxr NHs fcV^5) HOSJIB;*'' 

Xi5^J/nm<^V~^'^yV:^':^bLX(r>S i^i ^i:'^ 

l±t. 7t:i:;t{S"4 0 0~6 0 0°cmgiOf£?aT-, Ga 
Na*»^^'S.ffi«a>'N'-y7Ta2Sr0.0 1—0. 2/im^ 
JK, Y—J^yh:^'XS cr>^&.^-k{l?icr>:^'::^m\,zn 
LTO — 1 X 1 0-4 V o 1 %WS.^zLXntm^X'^^ 

yriiug^n x i o^t cm-^mMcr>nm^3m3 2 

//mgJg^*L. -P»,ifS i H4 1 X 1 0-2 V 

o \%n^i.Z\^X^-^^JTm!S.i3<\^l 0i9cm-3M 



(4) 



mm^ 11-31842 



fiSri XI o-3vo ixmmizLx^-^vrmmib^ix 

A (TMI n) SriiJoL, I n G a N^-fl:-^!t53^^#:*» 

^ =2: 1. vStta 4 S: 0 . 0 5 - 0 . 3 At mgjgfiicll-ri. . 

COO 1 7 1 -^i/^t. KtE;&":^i7)TM I n $r h U ^ -^yl^ 
-T^A (TMA) tc^-SL. Y—)^VYiS7.h\^ 
XfztUi'J::<'f)VmM^ (DMZnSr#ALT. ^-\'U 
TiUg*n X 1 Oi7~l X 1 018 cm-3mS<r)p?^<?DA 

1 Ga N^-ft-^ifei^fiijSfc J;UfTMA^±i6T P?gC0 
GaNSSr^iX-eilO. 1—0. 5 x£ m^jgOomJl t . 

[00 18] -eof^. 7"^i:;t{fN ijoil/AuSr^^t 

Ti^y^'--r-l>::i:t:J; Ofi£fficp<^;i^S^2~i o o n 



tciO^MMSr^tt, >->':?'-t-'l>ii:{::J:'9plIlim® 
8ioJ;lAnmmfiE9Sr?gfiS;L. ^•7y\tth, ^(T)'^ 
llll;^$fi.i,^«s^)tST;&qt^fL|,. 

[0019] %m^<Ty^^mm=?-\,zi.K\t. ^ytm 
^i^zmm^j:^^ u Tiijgo n 1 mx'm^^ti^j:i}^ 

'B'^2m^zi.^^^^ixX\-^htidb . Wrd-^^^ 
I. i: ifiX't h.taii. p i!im®{±a;^^ 
JgJfiO =Jf^ 'J Tii^Ji^O ASIC'S: 4> =5:1 \ -eo^^. 

<'th^t ifX% h , 

[0020] m&(rmX'\t. n{iimii9 i: LTT i t A 
1 fc<7D-^^SSrfflV^f^*\ nffl!l«®9*^l5{t^iX'S. n0 

a 3 £7)g|5ii-cO^^ U r^ifi^t < . :t- S -y =7 ;x^' 
h1t14*>rifI_h-ri>Jt:*^, ftetfOTi-Au, Ni-Au, 

Ti-Pt. Au, Pt^fc-Srffll^SCli: if ^i). 

[ 0 0 2 1 ] II 2 {±111 ommm^^'t^m^m'^ 

{± n mmm. 9 Sr#^#«ga5 1 0 c?)— .y ^ >- 
*tTnJ^/i3 2ret£BS-ti:-l.co-C{±5S:<, *MlcO— g 



Srx>y^>'>?'-{:J: OI^*tTn* J^|?2e3 b ^S?tfl§ 
■ti:. SfiCl(I!l^Cnffl!lfl:lS9>i)^■|S^t4>i^•rv^S. ClOi^ 

/h$V^nJgm3Ji*Wt'i>ixTV^^^{±. ffi«l(7)x 
•yf->:^cr)^lCnJ^3Ji4T'X-y^y^SrLTn* 
ll2/i3b*<Slllit--&J:dt::a>':^':?' h?Ll aSriSttfi 
{fj;v>. HI i:l«]ta5ii-ic{±llt??F-i-S:#LT-?- 



[0022] I13{±$ ^(Cft!J<50^Jgfi?!I^S^-riaT\ 
W±pi!l«^8(lll:A 1 ti:>£ti-h-^£h±mW. \ Yifm^ 

(h>ivQmzts:msi)i'^ixhh^\.z. ^wm-kmmth 

*t;rJ;OEmt>tn^ ?g||2;i3 btc:n{iim^9i{?J|g{t 

^ ICfcV t . n?gS 3 if^'m^A'mz^^ U TigJg*^' 

mm9im.^^hfthm^z^^^}r^i?i^%\-^rv'' mm 
2 Ji 3 b :«)iig(t i^ix^ i ^ t J: D . urMt mm<o^m^ 

[0023] &jicn^mx'\i. nmmsb pmm stx 

S P n jt-&«3tc0^f!|s^^^ T' ^ PINT'S) Z(r> 



i,z^!mti,z-^i>^fz^^ V rm^conmm 1 mxm^ 

i>znmm:f}^mm^tii . tfz. wm<7^^mizi5^^xmm 
^tlh^mi^mcoMmh-^]xh'yx . ^commzim 

[0024] 

[iai ] ^MHJiO^fiis^^i^cO— ^6?^^OLED 

f - -y ^(mmwmx-hh . 

[H 2 ] H 1 C7)^f!|s^^i^(?)^ig^j^^-r L E 

>y -rammwmx'h h , 

[ H 3 ] H 1 «o^^is^m-?c^fi!jc7)^igc?ij ^ s^-r L E 

D ^ <y r<oBrraiJiHJll-C'S> I. . 

[ 114 ] Ia!5fec7)^#c3%3t^-?i0 L E D ^ >y T-^— fiajo 

1 

3 

3 a 
3 b 
4 
5 
8 
9 

1 0 



nmm 



#IB^1 1-3 184 2 



[HI] [02] [US] 




